INTRODUCTION
King's Trough forms a prominent bathymetric feature in the northeast Atlantic. It is a 450km long linear feature oriented in a WNW-ESE direction and consists for the most part of a central depression flanking by ridges on either side ( Fig. 1) . At its south eastern end lies two deep basins, Peake and Freen Deeps separated by a ridge known as Palmer Ridge. Its origin has been a subject of many diverse theories, partly because it lies at an oblique angle, not only to the present axis of the Mid-Atlantic Ridge but also to the present and past directions of seafloor spreading. Earlier studies on the dredge samples collected from Palmer Ridge suggested that it is an uplifted part of the old ocean crust (60 Myr) penetrated by serpentinite about 27 Ma (Cann & Funnel1 1967 ). Subsequently it was described more comprehensively by Matthews et al. (1969) who presented results of several geophysical surveys and suggested that its southern part, namely the Deeps and Ridge, were formed by NNE-SSW directed compression. Cann (1971) , on the other hand, suggested that King's Trough was formed 27 Myr ago by extension along a short-lived plate boundary when the plates in the North Atlantic had to undergo an adjustment due to their collision in the Alpine region. At the same time Le Pichon & Sibuet (1971) suggested that it was a compressional plate boundary active during the Pyreneean orogony (45-38 Myr, also see Grimaud et al. 1982) . Geological and geophysical observations made across King's Trough led Searle & Whitmarsh (1978) to propose that it was formed by rifting along the crest of a hotspot-generated aseismic ridge from 56 to 25Ma. This was subsequently supported by Kidd ef al. (1982) and Kidd & Ramsay (1986) from drilling and dredging results. Gravity observations made across the Trough have been interpreted to suggest that the topography of King's Trough is regionally compensated on a lithosphere older than 20 Myr and therefore was formed by intraplate activity no earlier than 30 Ma, late Oligocene (Louden 1983) .
Recently Srivastava e l af. (1990a,b) Hey 1977) . Rift propagation does not seem to be related to absolute plate motion, but is often observed in the vicinity of hotspot traces, for example in the Galapagos region (Hey 1977) . It is also seen as a way to accommodate changes in seafloor spreading direction. To answer the question whether the oblique trend of King's Trough could be related to one of these three mechanisms, we re-examined the magnetic data in the western North Atlantic. We found that seafloor spreading magnetic anomalies 25 to 18 are dislocated along a line with a direction that mirrors that of King's Trough. These dislocations, which are not in the direction of seafloor spreading, can only be explained by rift propagation (Hey 1977) . Figure 3 shows schematically the resulting magnetic anomaly pattern for a continuous propagating rift as given by Hey et al. (1986) . The new ridge segment appears to tear through the old crust, gradually overlapping and extinguishing the previously existing spreading centre and creating a magnetic pattern as shown in Fig. 3 . The V-shaped traces, which can be observed as dislocations in the anomaly pattern, are called pseudo-faults by Hey (1977) . Those faults never were a plate boundary, and in that respect are comparable to fossil oceanic fracture zones. The region between the inner pseudo-fault and the failed rift (Fig. 3) is usually disturbed and sheared, as it is formed by a continuous transfer of lithosphere from one plate to the other.
In this paper we will show the evidence for a northward propagation of the rift in the region of King's Trough in the North Atlantic. This resulted in the formation of a disturbed zone at the location of what is now King's Trough. The rift propagation stopped when this zone of weakness became part of a plate boundary between Eurasia and Iberia. Extension across this boundary, then, explains most of the present-day structure of King's Trough. 1986) show disruption in some of the anomalies across King's Trough. To examine this in more detail and to document the propagating model, Fig. 4 
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The compilation of magnetic data from the conjugate region in the western North Atlantic also shows presence of well-developed seafloor spreading-generated anomalies (Fig. 5) . Details of the identification of these anomalies and their rates of spreading are given in Srivastava el al.
(1990b). In spite of the low density of data in the eastern part of the map (east of 36"W), most of the anomalies can be correlated between tracks. The correlation of anomalies in Fig. 5 shows several important features as follows. (1) North and east of 43.75"N and 38"W a significant offset is (2) The distance between anomalies 25 and 31 decreases when going from the dashed flow line at about 42.5"N to the pseudo-fault. The reverse seems to be the case in the eastern Atlantic (Fig. 4) , where the distance between anomalies 25 and 31 increases as King's Trough is approached from the south. The increase in the separation between anomalies 25 and 31 in the eastern, and a corresponding decrease in the western Atlantic are localized features, and do not seem to be indicative of a general asymmetry in spreading. We suggest that it is the result of a continuous northward propagation of the rift (Hey et al. 1986; Atwater 1981) . In view of the similarity in distances between anomalies 18 and 20 and between 20 and 21, it may seem that a different correlation of anomalies could be made in Fig. 5 . For example, one could assume that anomalies 25 and 24 are offset across a major E-W fracture zone at about 4 4 ' " . This would mean that anomalies 18 and 20 just south of the pseudo-fault and north of this fracture zone would become anomalies 20 and 21, leaving an extra positive anomaly between the new anomalies 21 and 24 and implying a jump of the ridge first to the east and then to the west between anomalies 24 and 21. However, a careful examination of Fig. 4 shows that no anomalies are missing in the corresponding conjugate region. Furthermore, the bathy; metry does not show the presence of a major E-W fracture zone. Miles & Kidd (1986) , on the other hand, indicated the existence of three fracture zones oriented parallel to King's Trough. Such an interpretation is, in our opinion, not right as these fracture zones do not conform with the overall direction of relative plate motion.
Therefore, we prefer the correlation of anomalies shown in Fig. 5 . Here anomalies 25 to 18 are dislocated across a pseudo-fault oriented in an ENE direction. On the eastern flank of the ridge (Fig. 4) , a similar dislocation in anomalies takes place across a much broader zone, namely King's Trough, which is oriented in a WNW direction. The two thus form a V-shaped feature as would be expected from a northward rift propagation (Hey et al. 1986 ; Fig. 3 ). The offset in anomalies across the pseudo-fault increases until chron 24, as expected from Fig. 3 , but decreases afterwards due to local asymmetry in spreading velocities. Fig. 3 shows only a minor offset in the anomalies across the transferred lithosphere (TL) contrary to what is observed in Fig. 4 . This we interpret arising due to subsequent motion across this region when King's Trough became the plate boundary and also due the asymmetric spreading in this region. However these variations are not excessive enough to invalidate the present interpretation of the presence of a propagating rift here.
PROPAGATING RIFT
To further demonstrate that the dislocations observed in the magnetic anomalies were formed by a northward propagation of the rift, we carried out a reconstruction of the North Atlantic at chron 21 (49Myr), using gridded bathymetry (Fig. 6) . Also shown in this reconstruction are the locations of the identified lineations from Figs 4 and 5. The portion of King's Trough which was formed during the period when it was the site of an extensional plate boundary between Eurasia and Iberia (the area between the solid and dashed lines in Fig. 4 ) has been closed in this reconstruction. Fig. 6 clearly shows the presence of an inverted V formed by the two pseudo-faults. Hey et al. (Hey, Duennebier & Morgan 1980; Hey et al. 1986 ) point out that in the case of continuous propagation, besides the rough topography which is expected along the pseudo-faults, one would expect rough topography in the zone where lithosphere from one plate is transferred to the other plate as this zone is stretched and sheared (TL in Fig. 3 ). They also suggested lower relief along the inner pseudo-fault than the outer pseudo-fault (Fig. 3) . In the present instance King's Trough is located in the area between the inner pseudo-fault and the failed rift, and thus forms the shear zone of a continuous propagating rift. As we will discuss later, it is not clear how much of the present topography along King's Trough can be directly related to this propagation because of the extensional motion which took place subsequently across it. Fig. 6 shows that the ocean floor generated by the propagating rift is generally less deep than the surroundings, an observation common to other propagating rifts. Also the dislocations of anomalies across the pseudo-fault (PF) are larger than those across the transferred lithosphere (KT) as the model demands.
The existence of bathymetric highs forming the Azores-Biscay Rise in the eastern Atlantic and Milne Seamount in the western Atlantic (Fig. 2) led Whitmarsh, Ginzburg & to suggest that they were formed by a hotspot trace. Fig. 6 shows clearly the presence of this V-shaped feature, caused by the flow of excess magmatic material along the plate boundary from a source located below the moving lithosphere (Vogt 1971) . It seems unlikely, however, that this source was fixed in the mantle, because its southward motion with respect to the separating plates is faster than the motion predicted by absolute plate motion models (cf. Duncan 1984) . The formation of the prominent Azores-Biscay Rise suggests that the excess magmatic flow was directed more towards the east.
DISCUSSION
Duration of propagation
Previous observations of propagating rifts, as summarized by Hey, Sinton & Duennebier (1989) , suggest that rift propagation usually occurs in the vicinity of hotspots. It seems that in the case of King's Trough, a hotspot came into existence at or just before anomaly 34 time, forming Milne Seamounts on the western flank of the ridge and Charcot Seamounts on its eastern flank (Fig. 2) . However, the presented magnetic and bathymetric observations show that propagation of the rift away from this hotspot did not start before anomaly 27 time. What exactly caused the rift to propagate at this time is not certain, but it could be a change in the relative motion between the Iberian and Eurasian plates at chron 31 (Fig. 5) . The relative motion between these plates was mainly extensional until chron 31 and then changed to strike-slip. Therefore, large stresses, partly related to the presence of a hotspot, which were distributed along the Eurasian and Iberian plate boundary B at earlier times (Fig. 2) when the motion along it was still extensional (Roest & Srivastava 1991) , could no longer be accommodated along it when the motion changed to strike-slip. These stresses, hence, started the propagation of the rift. Another factor which could have contributed to the rift propagation was the existence of a portion of the ridge that was oblique to the mean direction of spreading. In such instances the orthogonal segment of the ridge starts to propagate into the oblique segment (McKenzie 1982) . Lineations 25 and younger are more orthogonal to the direction of spreading south of 44"N than those to the north. Therefore, the southern ridge started to propagate to the north. In summary, we conclude that the existence of an instability in the relative motion of the plates at chron 31, the presence of a hotspot in this region and the non-orthogonality of a ridge segment, all seem to have contributed to the initiation of rift propagation (Fig. 7) .
Once propagation started, it continued northward at an average velocity of 8mmyr-' (Fig. 5) . The uninterrupted northward continuation of anomalies 13 and younger beyond the eastern end of the pseudo-fault in Fig. 5 suggests that propagation had terminated just after chron 18. This also fits well with the observation that the plate boundary B between Eurasia and Iberia shifted to King's Trough at about chron 17 (Roest & Srivastava 1991 
Formation of King's Trough
The formation of King's Trough initiated by the propagation of the rift is schematically summarized in Fig. 7 . A region of deformed crust started to form on the eastern flank of the -Mid-Atlantic Ridge with the start of rift propagation at chron 27 (Fig. 7) . No evidence exists for a discontinuous type of propagation. In fact, the bending of anomalies to the east immediately south of the pseudo-fault in the western North Atlantic (Fig. 5) , although not very prominent, suggests that the propagation was continuous (Hey et al. 1986) . With the propagation of the rift to the north, portions of North American lithospheric plate were transferred to the Iberian plate forming a shear zone along King's Trough (compare TL in Fig. 3 ). The process continued until chron 17 (Roest & Srivastava 1991) , when the plate boundary B between Eurasia and Iberia, previously located north of King's Trough (Fig. 7, chron 13 ) shifted south along a line which extended east from King's Trough to the Pyrenees (Fig. 2) . Motion along this plate boundary was extensional in the region of King's Trough (Srivastava et al. 1990b; Roest & Srivastava 1991) , thus leading to the formation of a large graben. Going eastward, the motion along the plate boundary was strike-slip and became compressional in the area of the North Spanish Trough and the Pyrenees (Fig. 4) .
Examination of magnetic data in the region (Fig. 4) (Roest & Srivastava 1991) . Based on the analysis of a gravity and bathymetric profile, Louden (1983) suggested that King's Trough was formed no earlier than 30Ma. This would suggest that the major part of the present-day topography of King's Trough was created in the later stages of extension across the plate boundary.
CONCLUSIONS
Interpretation of magnetic data from the western and eastern North Atlantic shows that King's Trough was first formed (63-40Myr) as a shear zone due to northward propagation of the rift. The trend of King's Trough is mirrored by a pseudo-fault in the western North Atlantic that displays dislocation of magnetic anomalies. Later (40-24 Myr), when King's Trough became a plate boundary between Eurasia and Iberia, the propagation of the rift stopped and it was subjected to extension that created most of the deep trough. The nature of motion along the King's
Trough was extensional and strike-slip along the AzoresBiscay Rise (Fig. 4) 
